INTRODUCTION
Orthodontic literature is replete with studies regarding the association between surgical skeletal repositioning and the consequential soft tissue response. Accurate prediction of the postoperative facial profile is an essential step in the treatment planning of combined surgical-orthodontic treatment.
1-2 Defining a patient's projected post-surgery soft tissue profile used to be the starting point of planning the surgical-orthodontic treatment. This step also increases a patient's understanding and acceptance of the recommended treatment. 3 However, during surgical-orthodontic treatment in severe Class II malocclusion patients, the soft tissue profile does not directly follow the surgical changes in the underlying bony structures.
At present, several software systems allow clinicians to manually manipulate digital representations of soft tissue projections. However, manual predictions have a limited application due to the relative complexity of the soft and hard tissue relationships.
Therefore, it is upon precise mathematical definitions of hard-and soft-tissue relationships that the development of computer-aided forecasting must depend. 4 Computer programs attempting to predict the soft tissue changes after surgery have been greatly improved by graphics and user interfaces. 5 The algorithms for the software programs should be based upon and derived from previous studies. Although the programs have been updated, the prediction results are still far from being accurate. In addition, the underlying algorithms for currently available commercial programs are all unknown. Furthermore, there have been several common problems in previous publications, such as small sample sizes and incorporating a limited number of both predictor and response variables. 2, [6] [7] [8] [9] Additionally, the prediction methods have been too simple. A frequently used guide for soft tissue simulation is still based simply on the 1-to-1 correspondence ratio for a specific bone to soft tissue change. [6] [7] [8] [9] [10] [11] [12] [13] However, the ratio between bone and soft tissue changes varies extremely, lacks consistency across studies, and is inaccurate from patient to patient. For example, in relation to the forward positioning of the mandible, considerable variation in results has been reported for the proportional advancement of the lower lip. 6 After mandibular advancement surgery, even without genioplasty, the ratios for the lower lip to the incisor ranged from 13% to 108%, and from 71% to 127% for soft tissue pogonion to hard tissue Pogonion. 1, [14] [15] When predicting soft tissue changes after surgery, by including as many predictors (independent variables) as possible, the multiple regression method has been found to be significantly more accurate than a simple proportional analysis or a simple regression equation. 4, 8, 16 However, regardless of the number of independent variables incorporated, this typical mode of analysis is unidirectional and univariate, including only a single response (dependent) variable. 2, 4, [7] [8] [9] [12] [13] [17] [18] [19] This technique has been referred to as the conventional ordinary least squares (OLS) method. However, the conventional OLS has a significant drawback in predicting soft tissue response since soft tissue response is not simple. For example, a certain degree of vertical skeletal repositioning induces anteroposterior relocation also and vice versa. In addition, the soft tissue response at a specific point is highly dependent on its adjacent soft tissue response, and its neighboring points are also dependent on each other. 20 Therefore, the location of adjacent response points should also be taken into account when applying a prediction method. A multivariate method is an equation which calculates multiple responses and considers the mutual relationship that may exist among the multiple response variables. In this respect, the multivariate approach which involves multiple predictors and multiple response variables simultaneously is more appropriate when predicting a soft tissue response.
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The partial least squares (PLS) method developed in chemometrics is a comparatively new way of constructing prediction equations. When the number of predictor variables (p) far exceeds the number of observations (n), the conventional OLS method is not suitable for developing meaningful and robust results. [21] [22] [23] [24] [25] Predicting soft tissue responses after surgery requires a number of variables to consider, including the patient's age, sex, time after surgery, preoperative skeletal characteristics, pre-existing soft tissue thickness and position, amount of surgical replacement at various skeletal landmarks, direction of surgical replacement, and so forth. As the PLS method becomes more established, its application to various biologic disciplines is becoming increasingly widespread from bioinformatics and image analysis to dentistry. 20, [26] [27] [28] The aim of the present study is to propose a better statistical method of predicting postsurgery soft tissue response in Class II patients. The null hypothesis is that there is no difference in the soft tissue prediction accuracy and validity produced between the PLS and the conventional OLS methods.
REVIEW OF LITERATURE

Standardization of the reference system
When using cephalometric analysis, it is important to have appropriately constructed horizontal and vertical reference lines that increase the accuracy of interpretation of cephalometric analysis.
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Any x-y Cartesian coordinate system can be constructed. Traditionally in orthodontics, the Frankfort horizontal (FH) plane was used as the horizontal reference plane (HRP) and a line perpendicular to HRP through sella represented the vertical reference plane (VRP) (Figure 1, A) . 15 There have been a number of variations in establishing a reference system. A line parallel to the FH through sella was used as the HRP and a line perpendicular to HRP through sella represented the vertical reference plane (VRP) (Figure 1, B) . 30 FH plane as the HRP, while a line perpendicular to the FH plane passing Nasion (N) was used as the VRP (Figure 1, C) . 31 Pektas et al 32 used simply Sella-Nasion plane registered at Sella (Figure 1, D) .
However, most researchers set Sella-Nasion plus 6˚ or 7˚ as a HRP. In these cases, a horizontal reference line with 6˚ or 7˚ of angular divergence from the line Sella-Nasion was constructed with the origin at Sella or Nasion. A vertical reference plane was then constructed perpendicular to the horizontal reference plane with its origin at Sella or Nasion. The reference system of which the vertical reference is perpendicular to SellaNaion +7˚, with the origin at Nasion was used by several studies (Chew et al ).
In this study, an x axis was created at a 7˚angle to Sella-Nasion and the y axis was constructed as a perpendicular to Sella-Nasion at Sella turcica. The researchers who adopted this reference system are as follows. In other words, the coordinate system had its origin at Sella, and its x-axis formed an angle of 7° with the reference line Sella-Nasion ).
Any of the above reference system can be used and each reference system would have had an advantage and disadvantage of its own. If the landmark of interest is located far from the reference line or plane, it is difficult to manually measure the exact coordinate and/or distance from the reference. Today, the distance from the reference does not mean much for clinicians because of the development in the digitizing interfaces. In this study, the coordinate system had its origin at Sella, and its x-axis formed an angle of 7°
with the reference line Sella-Nasion. 2, 10, 37 This reference coordinate system has a several advantages. First, Sella-Nasion is easier to locate and more reproducible than FH plane, which produces more reliable comparison during superimposition. Second, Sella-Nasion is considered to relatively stable beyond 7 years of age. 36 Third, the origin at Sella is better than the origin at Nasion in that a modification of maxillary surgery, high Le Fort I or Le Fort II osteotomy often changes the Orbitale area locating the same FH plane difficult.
Fourth, when using the origin at Nasion, the vertical reference line drawings have a possibility to obscure the surgical and/or orthodontic changes in anterior region of face.
Selecting a cranial deflection angle between 6° and 7°, there was no preference to choose one of the two. For the subjects in this study, it has been an arbitrary decision to adopt 7° defining the amount of the cranial deflection between Sella-Nasion and FH plane. In case of investigating the accuracy of prediction, for horizontal measurements, a negative value indicates that the actual result was posterior to predicted position; a positive value indicates that the actual result was anterior to the predicted position. For vertical measurements, a negative value indicates that the actual result was superior to the predicted position, whereas a positive value indicates that the actual result was inferior to the prediction.
Superimposition methods
During superimposition, particular attention should be given to fit the consecutive tracings.
The references axes should not be simply determined on the second tracings but should be transferred from the first tracing to the second tracing after the tracing were accurately overlaid by superimposing the 2 locating crosses which had been copied onto each tracing directly from the radiograph. This standardized reference system for each set of tracings for each patient was suggested by McCollum et al. 4 , which was applied in this study also.
Then, in each set of tracings the reference axes were transferred from the pre-surgical tracings to the post surgical tracings. This can be achieved by finding the closest orientation between the two tracings by closely superimposing the outlines of sella turcica, de Coster's lines, superior orbital rim, orbit and the fronto-nasal area structures. 4 The tracings of the cribriform plate and the anterior wall of the Sella turcica are also important since these are areas that undergo minimal remodelling. 2 When comparing the two tracings from the same subject, it has been usual to assess the differences as the followings. Difference in x-axis = x after -x before ; difference in y-axis = y after -y before result, where a negative value indicates the second cephalogram was more posterior in the x-axis or more superior in the y-axis compared to the first cephalogram.
MATERIALS AND METHODS
The subjects consisted of 80 patients (59 women with an average age of 24 years, and 21 men with an average age of 24 years) who had undergone the surgical correction of a severe Class II malocclusion. From January 2001 through July 2012, the subjects were treated at the Department of Orthodontics, and surgery was performed at the Department of Oral and Maxillofacial Surgery, Seoul National University Dental Hospital in Seoul. All subjects are of Korean ethnicity. Subjects had a mandibular surgery and/or a maxillary
surgery. An inclusion criterion was a non-syndromic skeletal Class II deformity. No patient included in this study had a cleft lip and palate, an injury, or a severe type of asymmetry.
No medically compromised patients were included. All patients were treated with fixed orthodontic appliances before and after surgery. During the preoperative orthodontic treatment, the incisor teeth were appropriately decompensated, and the arches were coordinated and stabilized. Postoperative orthodontic treatment was limited to completing the adjustment of the occlusion, and minimal incisor movement was required. The institutional review board for the protection of human subjects reviewed and approved the research protocol (S-D20120019).
Lateral cephalograms were taken before and after orthognathic surgery for all patients.
During imaging, the patient held their teeth in occlusion with lips relaxed. Preoperative lateral cephalograms were taken close to the time of surgical intervention. To ensure resolving of postoperative swelling, follow-up cephalograms were taken at least four months after surgery. 38 All cephalograms were traced by the same examiner (H-J L). With its origin at Sella, the vertical reference was established perpendicular to Sella-Nasion +7
. The x coordinates were set to represent the horizontal distances from the vertical axis, and the y coordinates were set to represent the vertical distances from the horizontal axis In the equation itself, the PLS method resembles the stepwise OLS method, but, in contrast to the latter, it is applicable even if the variables are strongly intercorrelated (multicollinear) and contain significant noise, even if the number of variables is higher than the number of subjects. All predictors are included in the final solution; no variables have to be discarded, unlike in stepwise OLS.
When developing a prediction method, typically, the model is fit for part of the data (the training dataset), and the quality of the fit is judged by how well it predicts the other part of the data (the test set, also called the validation dataset). To evaluate the predictive performance of the prediction equations, the leave-one-out cross-validation method was used. For a more detailed algorithm for the validation method, please refer to previous literature. 25, [40] [41] After fitting the equation, the bias was calculated as a mean difference. The difference between the actual result and predicted position was calculated by subtracting the value for the predicted position from the actual position, Y actual -Y predicted . Furthermore, the criterion of goodness-of-fit was defined as the mean absolute error, |Y actual -Y predicted |.
Language R (Vienna, Austria), 42 which is a free software environment for statistical computing, was used. Detailed codes of the multivariate OLS, modified PLS, and validation algorithm for use with language R is available upon request to the authors. Table 1 provides further details of the subjects. Three-fourth of the subjects were females, and this predominance in surgical orthodontic samples was found in previous studies. 35 The average time after surgery was ten months. Seventy-five patients underwent a mandibular advancement surgery. Fifty-nine patients had a Le Fort I surgery, and six patients received an anterior segmental osteotomy in the maxilla. The average amount of surgical repositioning at point B was 6 mm anteriorly. The amount of surgical repositioning at point B was comparable to the amount of overjet before surgery. This may be due to the clinicians' aim to produce occlusions with normal overjet and overbite during surgical-orthodontic treatment.
RESULTS
The derived prediction method was successfully cross validated. After fitting the prediction equations in the training dataset, errors (both bias and mean absolute error)
were determined to be trivial to none by both the OLS and PLS methods (data not shown).
The reference plane and landmarks chosen in this study were shown in Figure 2 . The results of the prediction errors after applying the prediction equations in the test dataset from the two methods are summarized in Tables 2-1 (Figure 3, A-D) . The ellipsoid satisfies (z -µ)
where z is the two dimensional (x-and y coordinates) vector for the error, µ is the mean vector for z, Σ -1 is the inverse matrix of the covariance matrix, and χ 2 (α) 2 is the upper 95th
percentile of a chi-square distribution with two degrees-of-freedom. 39 The contour of an ellipse indicates the 95% confidence boundary. A negative value indicated the prediction was more posterior in the x-axis or more superior in the y-axis compared to the actual result. If any points are outside the ellipse, they can be called outliers. 44 The size of the 95% confidence ellipses for the OLS method were significantly larger than the ellipse for the PLS method. This showed superior predictive performance of the PLS method over the OLS method (Figure 3, A-D) .
Absolute prediction errors after applying the prediction equation in the test sample showed significant differences for all the soft tissue landmarks between the two methods.
The PLS method showed a significantly more accurate and higher predictive performance than the conventional OLS method in all response variables ( Tables 2-1 Orthodontics includes the dentition, skeletal configuration, and soft tissue responses. The relationships among teeth, dentition, jaw bone, and soft tissue are so correlated that a more sophisticated method which would be capable of considering the correlation among variables simultaneously, rather than the ordinary OLS testing method, is needed.
Including the amount of surgical skeletal movement anteroposteriorly, the amount of skeletal movement vertically, the direction of the movement, the patient's age, and the patient's gender, there are a number of factors to consider when predicting the soft tissue response following orthognathic surgery. Since anteroposterior skeletal anatomy is significantly related with vertical repositioning and vice versa, these highly correlated variables should be considered before predicting soft tissue results. In this respect, multivariate methods, like the PLS method, enjoy large popularity in a wide range of fields in natural sciences. Partial least squares (PLS) is the preferred method for constructing a prediction equation when the factors are many and highly collinear or correlated. Applying the PLS method is even possible when the sample size is less than the number of variables. [45] [46] When applying the OLS method, if the number of factors gets too large, it is likely to result in a model with a prediction equation that fits the sampled data perfectly, but will fail to predict new data well. In fact, the OLS method demonstrated perfect accuracy when applied to a training dataset from which the prediction equation was formulated. However, when the prediction equation was applied to a real test dataset, the prediction error showed a significantly larger discrepancy than the PLS method. To restate, the OLS method was excellent when developing a prediction equation, but poor when applied to the real subject. This type of phenomenon is termed overfitting. 25 Overfitting also occurred when we predicted the soft tissue response of single-jaw mandibular setback surgery for Class III patients. 20 The same overfitting occurred for the Class II surgery patients in this study. The PLS method demonstrated significantly more accurate predictions than the conventional OLS method when applied to a real dataset through the leave-one-out validation method ( Tables 2-1 and 2-2) . This may be because the OLS method assumes that all the predictor variables are independent, which is not the case, especially for the numerous dental and facial variables in X and Y matrices. In practice, this condition of independence will never exactly be met.
Excluding or including an additional surgery, such as a genioplasty or maxillary surgery, has a great impact on the soft tissue profile changes. Therefore, in order to develop an accurate prediction method, most previous papers report ratios of only one specific maxillofacial surgical procedure because the more surgical procedures one adds, the more complex the soft tissue prediction becomes. A surgery, such as a maxillary surgery or a genioplasty, in addition to a mandibular surgery, would be considered to be a confounding variable that would interfere with an accurate soft tissue prediction. 1,47-48 Our study included both mandibular and maxillary surgery patients, and, nonetheless, showed considerable prediction accuracy. This prediction accuracy benefited from incorporating an increased number of skeletal and soft tissue landmarks.
Compared to Class III surgery studies, the soft tissue response to Class II surgeries seems to behave differently from that of the Class III patients. Several other papers also reported this difference. Due to its stretching of the soft tissue, mandibular advancement surgery has a positive "lifting-effect" on the soft tissue profile. In mandibular advancements, the lower lip followed the hard tissue less so than in mandibular setbacks, 50% in advancements and 100% in setbacks. [1] [2] [48] [49] Previous studies have reported that the predictability of the upper lip position after mandibular setback or advancement is poor and highly variable in both directions. 1, 48 On the other hand, other papers have reported that the main area of inaccuracy was the lower lip. 5, 7, 50 In this study, however, both the upper lip and lower lip areas demonstrated accurate prediction results when compared to the conventional OLS method. This study's results seem to be consistent with a previous report that applied the PLS method to mandibular setback patients. 20 The terminal point and R point were the main areas of inaccuracy. This may be partly because the soft tissue in the neck region is highly movable, or this error may come from the changes in the defined points on the cephalometric tracings and superimpositions. The defined preoperative landmark would not always be at the same location on the soft tissue line after surgery. For example, the preoperatively defined soft tissue pogonion would not always be transferred to be the same 'point' after surgery. When locating the most anterior point of the chin, pogonion, it is likely easier to determine the position on the x-axis coordinate than on the y-axis, thus producing the large vertical variation in the distributions for pogonion. By the same token, since soft tissue menton is the most inferior point of the chin, there is greater horizontal variation in the x-axis than in the yaxis. This has been a common problem in reporting cephalometric reliability. 43 Therefore, the landmark definition for several soft tissue landmarks might have contributed to the resultant prediction error.
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CONCLUSIONS
• We conclude that the multivariate PLS method is significantly more accurate than the conventional OLS analysis in predicting the soft tissue change after Class II orthognathic surgery. We also envision that, in the future, the resultant prediction algorithm can be used to provide an accurate surgical prediction for virtual planning and soft tissue simulation of Class II orthognathic surgeries. to this extent in 95% probability.
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